Summary. Active immunization of Merino and crossbred ewe lambs early in life with a partly purified inhibin derived from bovine follicular fluid (bFF) advanced their puberty. This occurred whether the lambs were immunized from 3 weeks of age or from 9 weeks of age or just 3 times between 3 and 9 weeks. However, the effect was more obvious with multiple injections starting at 3 weeks of age. The ovulation rate of the immunized lambs was significantly higher than that of the control ewes. When lambs were subjected to multiple immunizations the increased ovulation rate persisted in Merinos for at least 1 year after immunization ceased. The lambs injected 3 times only (at 3,6 and 9 weeks of age) did not show any increase in ovulation rate. Plasma concentrations of FSH and LH measured in blood samples taken 1 week after immunization were not significantly different between the treatment groups.
Introduction
Inhibin, produced by the gonads, is a non-steroidal hormone that specifically regulates the secretion of follicle-stimulating hormone (FSH) by the pituitary gland without affecting release of luteinizing hormone (LH) (Davies et al, 1978; de Jong, 1979; Franchimont et al, 1979; Cummins et al, 1983; Robertson et al, 1985) . Until the recent purification of inhibin (Robertson et al, 1985) , reports of its functions have so far been based on the use of crude biological material such as follicular fluid (de Jong & Sharpe, 1976) or partly purified fractions .
Previous studies have shown that immunization of adult ewes with partly purified inhibin preparations derived from bovine follicular fluid results in a marked increase in ovulation rate (Cummins, 1983; Henderson et al, 1984; O'Shea et al, 1984; Cummins et al, 1986 ). These results provided indirect evidence for the hypothesis that inhibin is involved in the control of FSH secretion and hence follicular maturation and ovulation.
Blanc (1980) suggested that inhibin may play a role in the induction of spermatogenesis in the prepubertal male. This was supported by the immature male being more responsive to inhibin (Hermans et al, 1980; Vijayalakshmi et al, 1980) . The hypothesis behind the present experiments was that immunization of sheep with an inhibin-enriched preparation would neutralize the effect of endogenous inhibin , increase plasma FSH concentration and consequently advance puberty and increase ovulation rate in ewe lambs and sperm production in rams.
Materials and Methods

Animals and methods
Animals. Fine wool Merino lambs and crossbred lambs resulting from mating Merino Border Leicester ewes with Dorset rams were used.
Preparation ofpartly purified inhibin. Follicular fluid was obtained from ovaries of cows as described previously (Cummins et al, 1986 ). The inhibin-enriched fraction (PPI^u sed in crossbred lambs was prepared by affinity chromatography of bFF on Matrix gel Red A (Reactive Red 120, Sigma, St Louis, MO, U.S.A.) as described previously (Cummins et al, 1986 ). The PPI2 used in Merino lambs was prepared by sequential chromatography on two of the affinity gels described by de Jong et al ( 1981 ) . Up to 30 ml ofthe active fraction from a Matrix Red A column were loaded onto a 2-6 cm diameter column packed to a bed height of7 cm with Sepharose-immobilized poly-(L-lysine)-deoxycholic acid gel (Pierce Chemical Co., Rockford, IL, U.S.A.), previously equilibrated with Buffer A (0-2 M-Tris at pH 8). Nonactive materials were eluted by a further 60ml Buffer A followed by 60ml Buffer (005M-borax titrated to pH 9-5 with 0-2 M-NaOH). The active material, purified 66-fold over that in the original fluid , was then eluted with 60 ml Buffer C (8 M-urea in 0-2 M-Tris at pH 8). The column was regenerated with Tris buffer. Inhibin biological activity in both fractions of bFF was monitored using a bioassay based on the inhibition of hCG-induced ovulation in pregnant mice of the QS strain (Cummins et al, 1986) . In this bioassay a significant (P < 005) reduction in ovulation rate was caused by 005ml bovine follicular fluid (50-60mg protein/ml), 0T ml active fraction after Matrix gel Red A chromatography (1-2-3 mg protein/ml) and 0-2 ml active fraction after deoxycholic acid gel chromatography (0-2-0-6 mg protein/ml).
Blood sampling and hormone assays. Blood samples for FSH and LH measurements were taken hourly for 5 h starting at 09:00 h by venepuncture into heparinized tubes 1 week after immunization and on other occasions from some lambs. The plasma was separated by centrifugation, pooled by taking equal sub-samples to form a composite sample from each lamb for each bleeding day, and stored at -20°C until assayed for FSH and LH by radioimmunoassay as described previously . For the FSH assay, an ovine standard FSH preparation (NIAMDDoFSH-RP-1) and ovine FSH tracer (NIAMDD-oFSH-I-1) were used: within-and between-assay coefficients of variation (CV) were less than 9% and 7% respectively, and the sensitivity of the assay was 0-25-0-5 ng/ml. Plasma LH concentration was measured using ovine LH (LER-1374.A, a gift from Dr L. E. Reichert) as tracer and NIH-LH-S16 as reference preparation. For plasma LH, within-and between-assay CVs were less than 3-5% and 13% respectively. The sensitivity of the assay was 0-3-0-4 ng/ml.
Plasma progesterone concentrations were measured by radioimmunoassay based on the method of Avenell et al (1985) on samples taken at different times from the Merino ewes (at 10,25 and 27 weeks of age) and at 8-12 days after each of the first few episodes of oestrous activity in crossbred ewes. The standard curve for progesterone was based on triplicate of serial dilution from 800 to 12-5 pg progesterone per tube. Solvent blanks were < 10 pg/ml and a reference 100 µ of wether plasma was 12-5pg/ml. Recoveries of 2 and 10 ng progesterone added to wether plasma were 94 and 91 % respectively. The present results have not been corrected for extraction losses. For a reference plasma from a ewe in the mid-luteal phase (Day 9 of the oestrous cycle), progesterone concentrations were 2-6 ng/ml. The sensitivity of the assay was 12-5 pg/assay tube or 0-125 ng/ml plasma. The within-and between-assay (4 estimates) CVs were 3-2% and 70% respectively.
Immunization of lambs. The sources of the immunogen were the PPI preparations described above. The immunogen mixture contained 50% (v/v) To accommodate the larger number of animals, the lambs within each treatment group were randomly allocated to be bled alternately from 3 weeks of age and then as described above from 7 weeks of age, so that some group means in the results are at times other than 1 week after an immunization.
Laparoscopy was carried out at 10 weeks of age on the heaviest 10 lambs in each group. Laparoscopie ovarian examinations were then performed thereafter until 86 weeks of age (May 1985) at the ages given in Table 2 (1967) . Each ram was placed in a metabolism cage, and urine was collected in preservative via a flexible cone (Dick & Mules, 1954) strapped to the abdomen for 11 and 9 consecutive days during 1984 and 1985 respectively. The urine volume of each day was recorded, a 5 ml sample of urine was taken and the number of spermatozoa present was estimated by the use of a haemocytometer.
At 43 Fig. 1) , the difference between Groups I3 and C was significant ( 2 = 6-77, < 001) at 28 weeks of age. The 1 C lamb that ovulated did not show oestrus and only 1/4 lambs in Group I9 which ovulated showed oestrus.
At 31 weeks of age, 6 lambs of Group I3 showed oestrus ( 2 = 5-84, < 0-025) and ovulated (P < 0025) whereas only 1 lamb in Group C and 2 in Group I9 showed oestrus and ovulated. One Group I9 lamb had 8 ovulations at 41 weeks of age. The differences in ovulation rate between lambs in Groups C and I3 were significant (P < 005) at 56 and 66 weeks of age (Table 1) . At 11 months after the last immunization, ovulation rate was significantly (P < 005 at 79 and < 0025 at 83 weeks of age) higher in lambs in Group I9 than in Group C. In Group I3 lambs at 79 and 83 weeks of age ovulation rate was high but the differences from Group C were not significant.
The overall mean live weight of the Group I3 lambs was not significantly different from that in Groups C and I9. The 2 Group C lambs that ovulated at 28 and 31 weeks of age had live weights of 31-8 and 27-5 kg, and at the same age values were 280 + 0-9 kg and 25-5 + 0-7 kg for the 7 Group I3 and 4 Group I9 lambs that ovulated. These values were not significantly different. Table 1 shows the ovulation data for each group in the 12 successive laparoscopies. The PPI2-immunized lambs (Groups I3 and I9) had significantly higher within-lamb mean ovulation rate than did the Group C lambs. The response to PPI2 was also shown by the fact that 5 lambs of Group I3 and 3 of Group I9 had up to 9 CL, while in Group C the maximum of 3 CL occurred once only.
At 28 and 31 weeks of age, it appeared that the PPI2-immunized lambs were showing a higher degree of follicular development, although the difference was not significant. These lambs had a mean of 0-14 small follicles ( < 5 mm diameter), 2-3 medium follicles (5 mm diameter) and 0-2 large follicles ( > 5 mm diameter) compared with 0-4 small, 0-8 medium and 0-3 large follicles in Group C.
On none of the 9 occasions at which blood samples were obtained was there a significant difference in plasma concentrations of FSH or LH between the lambs in Group C and those immunized with PPI2 (Groups I3 and I9). (Fig. 2) .
Ovulation rate ( Significantly higher than for Group C lambs, < 005.
Experiment 2(a)
The treatments had no effect on live weight at any stage during the experimental period. The epididymal weight was significantly (r = + 0-632, < 005) correlated with testis diameter and with testis weight (r = +0-732, < 001). Testis diameter was significantly (r= +0-881, < 001) correlated with testis weight. The testicular measures were not correlated with liveweight.
A progressive increase in testis diameter occurred in each treatment group during the first 30 weeks of age (Fig. 3) Values are means + s.e.m. for 7 rams/group. *P < 005 compared with Group C rams. **P < 001 compared with Group C rams. groups are given in Table 3 . Immunization of rams with PPI2 early in life significantly increased testis diameter and sperm output in Group I3 rams during the non-breeding season (August, 1984) . There was no significant interaction between treatment group and day of collection for sperm output in the urine during each of the 3 observation periods, indicating consistent treatment effects over time during each trial.
Experiment 2(b)
As in Merino rams, the treatment had no effect on live weight at any stage and a similar progressive increase in testis diameter occurred in each group during the first 30-33 weeks of age. However, there were no significant differences between the three treatment groups in average testis diameter at any time during the course of this study (Fig. 4) .
Plasma FSH concentration, compared with that ofthe Group C lambs, was significantly greater in Group V3 lambs at 23 and 31 weeks of age (Fig. 4) (Fig. 4) (1982) who concluded that the usual pattern in this environment was for < 10% of Merino ewe lambs to cycle in the first year of life.
There have been no reports in the literature concerning inhibin and its relation to puberty in sheep apart from the speculative remarks by Blanc (1980) . One possible mechanism is that immunization caused development of antibodies (Cummins et al, 1986) A significant advancement of puberty was achieved also in the immunized crossbred ewe lambs in Exp. 1(b), as exemplified by the earlier occurrence of first behavioural oestrus and ovulation. The difference between the control and immunized crossbred lambs was not as obvious as for the Merino lambs because of the earlier puberty seen in most of the control crossbred lambs. Although they were born 1 month earlier in the season than the Merino lambs, the effect of immunization (when the data were examined on a monthly basis) of the crossbred lambs only became significant at 8 months of age (May 1984) , when 81 % of the immunized lambs showed oestrus compared with 48% in the control animals. These findings suggest that up to 3 immunizations are required to advance puberty in ewe lambs. Starting immunization at 3 weeks rather than at 9 weeks of age ( Fig. 1 ) appeared to be more efficacious but this may have been due to the small size of Group I9.
Ovulation rate was increased by active immunization of young ewe lambs with PPI when repeti¬ tive immunization was carried out from 3 or 9 weeks of age (Groups I3 and I9 of Fig. 1 Fig. 2 and Table 2 ) but not by 3 injections between 3 and 9 weeks of age (Group V9 of Fig. 2 and Table 2 ). This increase was retained for up to 1 year after injections ceased in the Merino lambs. This long-lasting effect, compared to that seen in adults (Cummins et al, 1986 ), was probably due to the large number of immunizations (O'Shea et al, 1984) , rather than the greater purity of the immunogen. Because immunization during 3-9 weeks of age advanced onset of oestrus but was not important for increased ovulation rate, these effects may be mediated by different mechanisms. The FSH and LH data provide no evidence of the involvement of inhibin as neither was altered in the immunized lambs. More frequent gonadotrophin measurements may be necessary to identify subtle effects ofimmunization treatments on FSH or LH secretion. As in the oestrous cycle of the adult ewe (McNatty et al, 1985) , FSH concentrations may need to be elevated only for a relatively short time to advance puberty or increase ovulation rate.
No effect of immunization on advancement of puberty in immunized young rams was evident in this study. This may be due to the observations starting too late and not being frequent enough to reveal changes in testicular morphology and the first appearance of spermatozoa in the ejaculates (Schanbacher et al, 1974; Lee et al, 1976a) .
Our immunization treatments increased daily sperm production of adult rams examined during the non-breeding season (i.e. Group I3 vs Group C, August 1984, Table 3 ; and Group V3 vs Group C, September 1985) . This effect may be related to the periodic increases in plasma FSH concentrations seen in the PPI-immunized males (Figs 3 and 4) . There are no definitive experiments to support this idea, but the converse is certainly true, i.e. treatment of prepubertal or adult rams with anti-FSH antibodies leads to reduced sperm production Courot et al, 1984) .
It has been reported by Lee et al (1976b) that around 8 weeks of age there is a relative fall in FSH secretion concurrent with histological changes in the Sertoli cells which may reflect the initial secretion of a non-steroidal FSH inhibiting factor (inhibin) produced by these cells. In the present study falls in FSH concentration were observed in all groups of ram lambs after this age. In the Merino ram lambs immunized from 3 weeks of age the concentration of FSH at 7 weeks of age (i.e. the first measurement) was significantly higher than in the controls. This may reflect the mechanism postulated that immunization causes development of antibodies which modify inhibin feedback from the Sertoli cells on FSH secretion.
The secular changes seen in plasma LH concentrations in the ram were similar to those described in the literature (Cotta et al, 1975; Lee et al, 1976a) . The lack of effect of immunization on LH is what would be expected if the action on sperm production were operative through inhibin.
The anomaly in the present experiments is that, in the female, immunization with PPI had a relatively large effect on ovarian function with no demonstrable effect on FSH or LH secretion. In the male, consistent increases in FSH were observed in both experiments but only transient effects on spermatogenesis were seen. Despite this the results suggest that immunization of immature sheep with inhibin or other protein hormones found in follicular fluid could lead to novel methods for manipulating reproduction in sheep.
